We study in a model independent way the role of a techniomega resonance in the process e + e − → W + W − Z at the Next Linear Collider.
The only sector of Standard Model that has not been directly tested so far is the electroweak symmetry breaking sector. The usual Higgs potential with an elementary Higgs boson is not satisfactory on the grounds of the triviality of a λφ 4 theory. There are two alternatives to describe the symmetry breaking sector that circumvent the triviality problem: supersymmetric models, with elementary Higgs bosons, and models with dynamical symmetry breaking, without elementary scalars. In this work we will deal with the latter models [1] .
One of the places where the effects of dynamical symmetry breaking surely appear is in the production of longitudinally polarized electroweak gauge bosons, since they are directly related to the electroweak symmetry breaking of the Standard Model [2] . Therefore, multiple gauge boson production may provide an important signature for these types of models.
The signature for large multiplicity (≥ 7)gauge boson production in hadron colliders was studied in ref. [3] based on a scaling of pion multiplicity distribution at low energy electron-positron machines. The gauge boson pair production process as a test of alternative models of electroweak symmetry breaking has been analysed in detail recently in both hadron and electron-positron colliders [4] .
The triple gauge boson production can occur through a techniomega resonance ω T , as first studied by Rosenfeld and Rosner [5] for ω T production from both vector meson dominance and gauge boson fusion processes in hadron colliders. However, backgrounds at hadron colliders are very severe [6] and the rarer two body decay process ω T → γ(Z T )+Z L , where (Z, W ) L,T denotes longitudinally and tranverselly polarized gauge bosons may be preferred, as shown by Chivukula and Golden [7] in a minimal technicolor model.
Recently, techniomega production has been studied in the context of multiscale technicolor models [8] in hadron colliders. In multiscale walking technicolor models, where the ω T can be as light as a few hundred GeV, there are pseudo-goldstone bosons (Π T ) that are not absorbed by the electroweak gauge bosons and therefore remain as physical particles. In these models, the decay mode ω T → γΠ T → γbb is the most promising one in hadron colliders [9] .
In this Letter we study the contribution of a techniomega resonance to the production of three electroweak gauge bosons in the clean environment of an electron-positron collider. We employ a model independent approach, in the sense that we don't work in any particular model but study discovery regions in a general parameter space without any theoretical prejudice. We then discuss the implications of our results to different specific models.
The parameters that characterize the techniomega for our purposes are its mass M ω T , its total width Γ ω T and its partial width into W
We make use of the equivalence theorem [2] to relate the unphysical pseudogoldstone bosons to the longitudinal components of the electroweak gauge bosons.
The coupling of the techniomega with a fermion-antifermion pair, which is relevant for its production in e + e − colliders, can be estimated by a generalized vector meson dominance mechanism which describes its mixing with the B gauge boson of
where the mixing constant g ω T B is given by:
where m w is the W −boson mass and A is the electric charge of the technifermion with weak isospin +1/2. In our calculations we use A = 2/3. This coupling results in a partial width:
The coupling constant describing the
can be estimated from the partial width Γ W W Z using the effective interaction proposed in the context of QCD [10] :
which, using the equivalence theorem, results in:
where we used a value of M V = 85 GeV.
We incorporated these new interactions into a HELAS-like [11] subroutine and with the help of the package MADGRAPH [12] , we computed the process e + e − → W + W − Z in an extension of the Standard Model containing the techniomega contribution. In this way we automatically include the Standard Model irreducible background. Given the mass and the partial width, we compute the relevant coupling constants via equations 2 and 5.
We have checked our code by comparing its result for the partial widths Γ(ω T → e + e − ) and Γ W W Z with the direct results from equations 3 and 5. Another check was made by comparing the result for 
In Figure 1 we show three sets of curves representing the cross sections for the process e + e − → W + W − Z for the masses M ω T = 400, 500 and 600 GeV at √ s = 500 GeV as a function of the branching ratio BR(ω T →
. Each set has three curves, representing the different total widths Γ ω T = 20, 10 and 5 GeV. These are only representative values to illustrate our results. We also show as horizontal dot-dashed lines the Standard Model cross section as well as its 2σ deviation assuming a luminosity of L = 10 fb and an efficiency for the reconstruction of the three gauge bosons of ǫ = 12% [13] . No cuts are imposed.
For M ω T near the center-of-mass energy, there is a sensitivity up to branching ratios as small as 10 −4 for a 2σ deviation in the total cross section. Branching ratios of the order of 10 −2 can be reached for M ω T = 400 GeV but for M ω T = 600 GeV one is sensitive only to large branching ratios of order one.
The inversion of the order of the curves for the different sets of masses can be easily explained by inspection of the Breit-Wigner formula in equation 6. At the resonance, the cross section is proportional to Γ −2 ω T , whereas for the cases studied here the off-resonance cross section is proportional to Γ W W Z which, for a fixed value of the branching ratio BR(
In Figure 2 we show curves for an e + e − collider at √ s = 1000 GeV, for a total width of Γ ω T = 20 GeV and techniomega masses at M ω T = 950, 1000 and 1050 GeV. For masses at the center-of-mass energy, sensitivities up to BR ≃ 0.5% can be achieved but the sensitivity rapidly deteriorates for masses outside this range.
Due to the fact that the signal is produced by an s-channel resonance, its angular distribution is more central than the Standard Model background, as can be seen in Figure 3 , where the normalized gauge boson's angular distribution is shown for the case of √ s = 500 GeV for the Standard Model and for the Standard Model plus a techniomega with mass M ω T = 400 GeV, total width Γ ω T = 20 GeV and partial width Γ W W Z = 0.4 GeV. However, we found that a cut in the angular distribution of the W + or W − does not improve the significance due to the reduced rates.
The techniomega contributes only to the production of longitudinally polarized gauge bosons and therefore one could enhance the signal by selecting that particular polarization in the final state. We demonstrate this effect in Figure 4 , where we show the cross section for e + e − → W + W − Z L , where the Z boson is longitudinal, at √ s = 1000 GeV, for M ω T = 950 GeV and
GeV as a function of the branching ratio BR(ω T → W + W − Z). The Standard Model cross section and its 2σ deviation are shown as horizontal dot-dashed lines, assuming a luminosity of L = 10 fb −1 and the same efficiency for the reconstruction of the three gauge bosons, ǫ = 12%. This is to be compared with the dotted line in Figure 2 . We note an increase in the sensitivity of the cross section to the presence of a techniomega but due to the reduced statistics no major improvement seems to be achieved.
We conclude by commenting on some specific models. In usual technicolor models the techniomega mass and width are estimated by a simple scaling of QCD, resulting in typically M ω T ≃ 2 TeV and Γ ω T ≃ 100 GeV. However, these simple models run into problems with generating large fermion masses while keeping flavor changing neutral currents at acceptable levels.
Multiscale models [8] , that appear naturally in walking technicolor [14] and topcolor-assisted technicolor [15] models, can ameliorate this problem at the same time predicting vector resonances with lower masses than the simple scaled up models. These models have many extra technipions Π T 's that are not absorbed by the massless gauge bosons.
The techniomega would preferably decay into three Π T 's:
where χ is a mixing angle related to the ratio of the two different energy scales in a particular model.
It may be possible that the three Π T 's channel is closed due to technipion mass enhancements in some of these models. In this case one would expect branching ratios of the order of:
which falls in the sensitive region for some of the cases studied here. In summary, we have studied the role of a techniomega resonance in the production of three gauge bosons in e + e − colliders. We considered the effects on the total cross section, the angular distribution, and in the total cross section for a longitudinally polarized Z boson in the final state. Due to the narrow bandwidth of the machine, one is sensitive to techniomega masses close to the center-of-mass energy. In that case, one can be sensitive to rather small branching ratios. Initial state radiation may not be able to improve our results significantly. If the techniomega resonance is found at a hadron machine in the mode ω T → γπ T → γbb [9] , its properties can be further studied at an e + e − collider running at its mass, which could also provide useful information about the underlying technicolor model. This work was supported by Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) and Fundação de Amparoà Pesquisa do Estado de São Paulo (FAPESP). We thank Gustavo Burdman and Jonathan Rosner for a critical reading of the paper. RR gratefully acknowledges the hospitality at the Fermilab Theory Group, where this work was completed. 
